Management literature has suggested that contextual factors may present strong inertial forces within organizations that inhibit implementations that appear technically rational (Nelson and Winter, 1982) . This paper examines the effects of three contextual factors, plant size, plant age and unionization status, on the likelihood of implementing twenty-two manufacturing practices that are key facets of lean production systems. Further, we postulate four "bundles" of interrelated and internally consistent practices; these are Just-in-Time, Total Quality Management, Total Preventive Maintenance, and Human Resource Management. We empirically validate our bundles and investigate their effects on operational performance. The study sample uses data from IndustryWeek's Census of Manufacturers. The evidence provides strong support for the influence of plant size on lean implementation, whereas the influence of unionization and plant age is less pervasive than conventional wisdom suggests. The results also indicate that lean bundles contribute substantially to the operating performance of plants, and explain about 23 percent of the variation in operational performance after accounting for the effects of industry and contextual factors.
Introduction
Heightened challenges from global competitors during the past two decades have prompted many US manufacturing firms to adopt new manufacturing approaches (Hall, 1987; Meredith and McTavish, 1992) . Particularly salient among these is the concept of lean production Jones, 1996, Womack, Jones, and Roos, 1990) . Lean production is a multi-dimensional approach that encompasses a wide variety of management practices, including just in time, quality systems, work teams, cellular manufacturing, supplier management, etc. in an integrated system. The core thrust of lean production is that these practices can work synergistically to create a streamlined, high quality system that produces finished products at the pace of customer demand with little or no waste. Anecdotal evidence suggests that several organizational factors may enable or inhibit the implementation of lean practices among manufacturing plants. With the notable exception of White et al., (1999) , there is relatively little published empirical evidence about the implementation of lean practices and the factors that may influence implementation.
A majority of articles on the topic of lean production system focus on the relationship between implementation of lean and performance. While most of these studies have focused on a single aspect of lean and its performance implications (e.g. Hackman and Wageman, 1995; Samson and Terziovski, 1995; McKone et al., 2001 ), a few studies have explored the implementation and performance relationship with two aspects of lean (e.g. Flynn et al., 1995; McKone et al., 2001) . Even fewer studies have We examine the relationship between contextual factors and extent of implementation of a number of manufacturing practices that are key facets of lean systems. These contextual factors have been suggested as possible impediments to implementing lean production systems. Specifically, we focus on three contextual factors, plant size, plant age, and extent of unionization. Further, we extend Osterman (1994) and MacDuffie's (1995) notion of "bundles" from human resource practices to a larger set of manufacturing practices. Specifically, we postulate four "bundles" of interrelated and internally consistent practices; these are Just-in-Time (JIT), Total Quality Management (TQM), Total Preventive Maintenance (TPM), and Human Resource Management (HRM). We empirically validate our bundles and further investigate their simultaneous and synergistic effects on operational performance.
Literature and Propositions

Lean practices and lean bundles
In the last several years, scholarly journals have published a number of articles that focus on the content of lean production or comprise of case studies that concentrate 4 on individual firm experiences. A review of this literature reveals a number of manufacturing practices that are commonly associated with lean production. Table 1 summarizes our review by cross listing key practices identified with references. Table 1 about here   Table 1 links substantive literature on high performance, lean manufacturing with each of the lean practices addressed in our research. As can be seen, there is varying degree of frequency that each of the items selected is considered in the studies reviewed.
JIT/Continuous flow production and quick changeover methods are included most frequently, while safety improvement methods are referenced least frequently in the literature. The practices shown in Table 1 emerge from a fairly extensive literature review and provide a representative view of the components comprising lean production.
Our discussion and measurement of lean production is necessarily related to the manufacturing practices that are commonly observed in the literature describing high performance, lean manufacturers. This literature is also rich with descriptions of values and philosophy associated with lean production that are less readily measured than practices. For example, lean production philosophy focuses on avoiding seven cardinal wastes and on respecting customers, employees and suppliers (Schonberger, 1986 ).
Although we do not directly address such philosophical positions, we recognize that they are important and believe that they are reflected in the implementation of the lean practices that we do address.
There are multiple ways to combine the individual practices to represent the multi-dimensional nature of lean manufacturing. In combining these practices, the researcher has to contend with the method used to combine and the actual content of the combinations. The dominant method in operations management literature has been to use exploratory or confirmatory factor analysis to combine individual practices in a multiplicative function to form orthogonal and unidimensional factors (Flynn et al., 1995; Cua et al., 2001) . A review of research from organization theory, and labor and human resource management shows less reliance on factor analysis and offers multiple ways for combining individual practices and creating an index. One such method is the additive index used by Osterman (1994) and MacDuffie (1995) in developing "bundles" of interrelated human-resource management practices. We used the additive index method for developing our lean bundles.
There is general agreement within operations management literature that Just In
and Human Resource Management (HRM) are conceptually, theoretically, and empirically well established (Ahire et al., 1996 , Samson and Terziovski, 1999 , Davy, 1992 Cua, 2000; Flynn et al., 1994; Flynn et al., 1995; McKone and Weiss, 1999; McLachlin, 1997; Sakakibara et al., 1997; Flynn, 2001, Osterman, 1994; Pil and MacDuffie, 1996; Ichniowski et al., 1994) . We selected inter-related practices to combine into four practice bundles associated with JIT, TPM, TQM and HRM.
We use individual practices to investigate the association between contextual factors and the pattern of implementation because we are interested in the pattern of implementation among the twenty-two manufacturing practices. We use the four bundles in examining the relationship between implementation and operational performance because we are interested in evaluating the synergistic effects of implementation of all complementary facets of lean.
Implementation and Contextual Variables
In general, the success of implementation of any particular management practice frequently depends upon organizational characteristics, and not all organizations can or should implement the same set of practices (Galbraith, 1977) . Consideration of organizational contexts has been noticeably lacking in research on implementation of JIT and TQM programs or other lean manufacturing practices. Perhaps because of the failure to consider organizational context, evidence on the impact of JIT and TQM programs on organizational performance has been mixed (Adam Jr., 1994; Powell, 1995; Samson and Terziovski, 1999) .
In this study, we examine three organizational context characteristicsunionization, plant age and plant size -that may influence the implementation of manufacturing practices. A limited number of empirical studies suggest that implementation or adoption of a manufacturing practice is contingent upon specific organizational characteristics (White et al., 1999; . For example, White et al. (1999) found significant evidence that large US manufacturers adopted JIT practices more frequently than small manufacturers. While the role of plant size in implementation process has been studied previously, plant age and unionization status remains comparatively unexplored. There is not only a lack of empirical attention given to contextual factors' relationship with lean practices, but there is also a paucity of theory to guide our expectations about the direction of possible effects. Because of the exploratory nature of this research, we develop a set of propositions rather than formal hypotheses.
Unionization: It is often assumed that because implementation of most manufacturing practices requires negotiating changes in work organization, unionized facilities will resist adopting lean practices and thus lag behind non-unionized facilities. Drucker (1987) discussed the problems of existing union work rules and job classifications in the implementation of JIT systems. In a similar vein, the business press has often asserted that unionization prevents the adoption of some "Japanese" manufacturing practices in US manufacturers. Further, there are also instances in which unions have been cooperative and helpful in the implementation process (Katz, 1985; Cappelli and Sherer, 1989 ).
While there is some evidence that unionization is negatively associated with organizational performance (Machin, 1995; Meador and Walters, 1994; Bronars, Deere and Tracy, 1994) , empirical evidence linking unionization with adoption and implementation of manufacturing practices is scant. For instance, Ahmed et al., (1991) found that in a sample of 177 manufacturing firms, union's attitude towards flexibility was not significantly related to JIT usage. In the investigation of influence of unions on human resource management practices, Ng and Maki (1994) concluded that the impact of union varies, depending upon the nature of the practice. In manufacturing firms, Osterman (1994) found no empirical support for association between unionization and four innovative work practices. Unionization seems to be an important factor for implementation although the direction is not exactly clear. In addition, it hasn't been empirically investigated in association with a wider set of lean manufacturing practices.
Thus, the net effect is an empirical question, which we propose to test as follows: Age of the plant: Plant age may imply either a tendency toward resistance to change or a liability of newness. The "resistance to change" view is supported by the organizational sociology literature which suggests that the age of an establishment should inversely influence the rate of adoption of innovations, because organizational forms tend to be "frozen" at birth (Stinchcombe, 1965) . Evolutionary economics provides additional support for this view (Aldrich, 1979; Nelson and Winter, 1982) . The evolutionary perspective suggests that organizations develop a set of organizational routines (manufacturing practices) over a period of time and these practices change infrequently.
Further, the longer an organization has experience with the practices, even if the results are inferior relative to the new practices, the harder it is for the organization to replace the older, inferior practices (Pil and MacDuffie, 1996) . So, an older organization finds implementing new practice(s) more challenging. Organizational ecologists espouse the same view as "liability of newness." This perspective suggests that older organizations have an advantage over younger ones because it is easier to continue existing routines than to create or borrow new ones, even if the new routines are inherently superior. (Nelson and Winter, 1982; Hannan and Freeman, 1984) .
Thus irrespective of the theoretical perspective, plant age is found to impede adoption and implementation of new, innovative work practices. However, empirical evidence from industrial and labor relation literature indicates that age of an establishment is not a significant determinant of adoption of work practices. Specifically, Osterman (1994) using data from 694 US manufacturing establishments found that age was not associated with the adoption of innovative work practices such as teams, jobrotation, quality circles, and total quality management. Osterman (1994) study was limited to innovative work practices related to human resource management.
We study a wider set of manufacturing practices related not only to human resources but also workflow in production, preventive maintenance and quality management programs. In this regard, anecdotal evidence suggests that newer plants Size of the Plant: Several authors (e.g. Chandler, 1962; Child, 1972) have noted that since any administrative task tends to be more complicated in large firms, managers may not even attempt to change, instead they may allow existing systems to linger. This is equally true of implementation of new operational practices. That is, large organizations suffer from structural inertial forces (Hannan and Freeman, 1984) that negatively effect the implementation of lean manufacturing practices. Further, inertial effects of size are more prevalent in manufacturing industry than in service industry (Gopalakrishnan and Damanpour, 1997) . However, large size also implies the availability of both capital and human resources that facilitate adoption and implementation of lean practices as well as returns to scale for investments associated with lean practices. The influence of size is pervasive and has been identified in relation to technology practices (Germain et al., 1994 ) and manufacturing practices (White et al., 1999) , across industries as diverse as hospitals (Moch, 1976) , education (Baldrige and Burnham, 1975) , as well as manufacturing (Ahmed et al., 1991 Each of these issues has the same underlying theme -strong inertial forces within organizations that prevent even implementations that appear technically rational from manifesting themselves in practice (Nelson and Winter, 1982) balanced against a competitive imperative of continuous improvement. Thus, organizational context may significantly impact the implementation of lean manufacturing practices.
2.3. Bundles of Lean manufacturing practices and Operational Performance.
Lean practices are generally shown to be associated with high performance in a number of studies of world-class manufacturing (e.g., Sakakibara et al., 1997; Giffi et al., 1990) . Overall, review of related research indicates that implementation of lean practices is frequently associated with improvements in operational performance measures. The most commonly cited benefits related to lean practices are improvement in labor productivity and quality, along with reduction in customer lead time, cycle time, and manufacturing costs (Schonberger, 1982; White et al., 1999 ).
Most of the empirical studies focusing on the impact of lean implementation on operational performance are constrained to one or two facets of lean, often JIT or TQM.
Improved operational performance associated with JIT practices (Koufteros et al. 1998; Sakakibara et al., 1997; Im and Lee, 1989; White et al., 1999) has been shown to outweigh the results associated with TQM practices (Samson and Terziovski, 1999; Powell, 1995) . In a study of JIT and TQM, Flynn et al., (1995) found incremental performance effects attributed to JIT and infra-structural practices common to both JIT and TQM, but not specific TQM practices. In case of TQM practices by themselves, while Choi and Eboch (1998) , and Samson and Terziovski (1999) found a significant direct impact of TQM practices on operational performance, Adam Jr., Powell (1995) found little impact of TQM practices on operational and other measures of performance. Powell (1995) found positive support for only 3 out of 12 TQM practices that he studied.
Despite variable evidence regarding performance improvements related to these lean practices, relatively little empirical research exists to gauge the extent of performance improvements. Further, an empirical investigation of simultaneous use of several manufacturing programs representing multiple facets of lean is also lacking in the literature. We seek to address this apparent gap in literature by examining the performance implications of implementing lean practices after controlling for the effects assigned to industry differences and the contextual factors.
Many researchers argue that a lean production system is an integrated manufacturing system requiring implementation of a diverse set of manufacturing practices (e.g. Womack and Jones, 1996) . Further, they also suggest that concurrent application of these various practices should result in higher operational performance because the practices, although diverse, are complementary and inter-related to each other. For instance, reduction in work-in-process inventory goes hand in hand with development of human resource capability in the form of empowered/self-directed work teams capable of solving problems. Thus, the problem solving capabilities that arise as a result of empowered work teams can help boost performance by identifying root causes of quality problems, by helping to improve workflow, and by improving equipment efficiency. Thus, we posit that simultaneous application of multiple aspects of lean manufacturing will have a significant positive impact on operational performance: total of 1757 completed surveys were received corresponding to a response rate of approximately 6.7 percent. While the response rate is smaller than many empirical studies, it compares favorably with large sample operations surveys (e.g. van der Velde, 1991, Stock et al., 2000) . In light of the low response rate, non-response bias was assessed by comparing the proportion of respondent firms to proportion of total mailed surveys for each SIC code. The data indicate no significant difference (χ 2 = 12.3, df = 19, p = .83).
Sample Characteristics:
The sample resembles the population profile reported by US Census of Manufacturers (1997) and is not unlike those for similar studies of US manufacturers (e.g. Im and Lee, 1989; White et al., 1999) . A comparison of the number of establishments in the IW sample with the population profile reported by US Census of
Manufacturers (1997) is shown in Table 2 . The comparison indicates that compared to the population as a whole, the IW sample is somewhat biased in favor of paper, chemicals, primary metal, electric and electronic equipment and transportation equipment. Despite the differences from the US population's industry composition, the sample provides diverse and fairly representative industrial coverage. Survey items appear in appendix A. Table 2 about here
The manufacturers included in the sample represent a wide variety of industries.
Although implementing lean practices is usually associated primarily with discrete part manufacturers, pervasiveness of practices across the industrial spectrum is unknown. For this reason, we include respondents from all manufacturing industries (SIC 20 to 39) in the sample. We report the analysis related to industry effects in our findings. A majority of plants included in the sample have a non-union production environment (65 percent), are more than 20 years old (72 percent), and are relatively small in size, having fewer than 250 employees (52 percent). The sixty-five percent of respondent plants that are not unionized corresponds to an estimated fifty-nine percent of all manufacturing plants that
are not unionized as reported in the most recent economic census (US census of manufacturers, 1997). All of the manufacturers included in the sample have implemented at least one lean practice.
Contextual Variables:
Each of the contextual variables is recoded into three categories. When a union represents none of the plant's production workforce, we classify it as "non-unionized" plant, instances of 100 percent unionization are classified as "unionized" plants, and plants within these two extremes are classified as "partly unionized" plants. Guidelines for classifying plants on the basis of age are scant.
IndustryWeek suggests categorizing plants less than 10 years old as "new" plants and more than 20 years old as "old" plants. We use these criteria for our study. In addition, we classify plants between the age of 10 and 20 years as "adolescent" plants. Size is recoded into small, medium and large plants. We designate plants with fewer than 250 employees as "small" following Adams and Ponthieu, (1978, pp. 2) and plants with more than 1000 employees as "large" following White et al (1999) and the plants between 250-999 as medium sized plants.
Lean Manufacturing Practices:
Lean manufacturing practices are measured on a three-point scale (1=no implementation; 2=some implementation; 3=extensive implementation). Scale length has been the focus of considerable discussion in the survey methods literature. While some research shows that reliability increases with scale length (Lissitz and Green, 1975; Jenkins and Taber, 1977) , there is no clear-cut relationship between validity and scale length (Smith, 1994; Smith and Peterson, 1985) .
Specifically, Morrison (1972) shows that 3-point scales capture most real information about construct relationships and are thus considered adequate. A correlation matrix for each of the contextual variables and lean practice included in the analysis is shown in Table 3 . 
Lean Bundles:
The 22 individual lean practices were combined into four lean bundles. For instance, all practices related to production flow were combined to form the JIT bundle. The underlying rationale is that JIT is a manufacturing program with the primary goal of continuously reducing, and ultimately eliminating all forms of waste (Sugimori et al., 1977) . Two major forms of waste are Work-In-Process (WIP) inventory and unnecessary delays in flow time. Both can be reduced by implementing practices related to production flow such as lot size reduction, cycle time reduction, quick changeover techniques to reduce WIP inventory and by implementing cellular layout, reengineering production processes, and bottleneck removal to reduce unnecessary delays in the production process.
Practices related to continuous improvement and sustainability of quality products and process were combined to form the TQM bundle. It includes practices such as quality management programs, formal continuous improvement programs and process capability measurement capability.
The TPM bundle includes practices primarily designed to maximize equipment effectiveness through planned predictive and preventive maintenance of the equipment and using maintenance optimization techniques. More generally, emphasis on maintenance may also be reflected by the emphasis given to new process equipment or technology acquisition ).
The HRM bundle has significant theoretical and empirical support. The most commonly cited practices are job rotation, job design, job enlargement, formal training programs, cross training programs, work teams, problems solving groups, and employee involvement (Ichniowski et al., 1994; MacDuffie, 1995; Osterman, 1996) . We include two practices in the HRM bundle -flexible, cross-functional work force, and selfdirected work teams. Flexible, cross-functional work force, and self-directed work teams are higher-level practices that include many lower level practices. Conceptually, in order for an organization to have a flexible cross-functional work force, it needs to have a jobrotation program, it needs to consider job design, and formal, cross functional training programs have to be in place. Similarly, self-directed work teams require that employees are organized in work teams and involved in problem solving groups. Boyer and Pagell (2000) have suggested eliminating lower level variables when these are included in higher-level constructs. Thus, we combine these two practices into HRM bundle to represent a much wider set of underlying HRM practices.
Each of the bundles was formed by adding the scores for each of the practices included in the bundle for each responding plant. The bundles were empirically validated using reliability analysis (Cronbach Coefficient Alpha) and principal components analysis with varimax rotation. All 22 lean practices were entered for principal component analysis (PCA). Varimax rotation was used to extract orthogonal factors (see Table 4 ) and four factors were extracted. The factors conform almost perfectly to the conceptual bundles with the sole exception of "competitive benchmarking."
Competitive benchmarking is conceptually linked to TQM practices and we had included it in the TQM bundle. The rotated component matrix results indicate that it has a higher loading on the TPM (.364) factor compared to TQM (.361). However, because the difference in the loadings is not statistically significant we opted to include it in the TQM factor. Table 4 about here The results were replicated using oblique rotation as a check for orthogonality and the extracted factors were identical. Further, we checked the unidimensionality of each of the factors by conducting PCA at the factor level. More specifically, we entered only the items that load on one factor to ensure that they do indeed load on one factor. All four factors are unidimensional. Cronbach's coefficient alpha is above the acceptable limit except for Human Resource Management Bundle., which is a two item factor. The value of Cronbach alpha depends upon the number of items in the scale and the average inter-item correlation (Carmines and Zeller, 1979, pp.45) . Thus, keeping the average inter-item correlation constant, as the number of items increase, the value of alpha also increases. In this instance, if the number of items in the HRM practice bundle were increased from 2 to 4 while keeping the average inter-item correlation constant at .51, the
Cronbach alpha value will increase to above .79.
Operational Performance:
A six-item scale is used to measure the operational performance of a manufacturing plant. The items include 5-year changes in manufacturing cycle time, scrap and rework costs, labor productivity, unit manufacturing costs, first pass yield, and customer lead time. A scale was constructed for operational performance measure based on principal components analysis of these items and the factor scores were used as the dependent variable. As shown in Table 5 , all six items load on one factor, with an eigenvalue of 2.37 explaining almost 40 percent of the variation. Cronbach's coefficient alpha is 0.69. Table 5 about here
The construct validity issue of whether operational performance is unidimensional in a conceptual sense is a separate question from the empirical issue. Two competing and equally valid conceptual views on performance are the tradeoff view and the production competence view popularized by Skinner (1978) and Vickery (1991) respectively. We argue that firms are capable of developing multiple internal competences. Further, global competition requires that firms develop and possess these multiple competences in order to succeed. Our measure focuses on three underlying aspects that are highly related:
lead-time, cost, and conformance quality. The very basis of JIT is that manufacturing processes that are faster and more precise with regard to first-time-through quality are also inherently less costly. Thus, we contend that these six measures are conceptually and empirically related and represent a single dimension of operational performance.
Results
Context and Implementation of Lean Practices
We use likelihood ratio chi-square test statistic to evaluate the relationship of association between contextual factors and implementation of lean practices. For example, for plant size and cellular manufacturing, the 3X3 (small/medium/large size X no/some/extensive implementation) matrix is decomposed into 3 separate 2X2 component matrices. The likelihood ratios are then compared to evaluate the direction of the overall association. We first computed a likelihood ratio chi-square statistic for each of the 22 lean manufacturing practices and each individual contextual factor. The results are discussed below for each of the contextual factors.
Union Representation.
Of the 22 lean manufacturing practices, six are significantly associated with unionization. These practices are cellular manufacturing, cross functional work force, cycle time reduction, maintenance optimization, process capability measurements, and self directed work teams. The evaluation of 2X2 matrices for each of the six practices indicates that unionization is negatively related to implementation. 
Age of Plant
The likelihood ratio chi-square indicates that eight out of the 22 lean practices are significantly influenced by age of the plant. Five of the eight have a significant negative association between age of plant and implementation of the practice, implying that old plants are less likely to implement these practices than newer plants. These five practices include cross-functional work force, cycle time reduction, JIT / continuous flow production, maintenance optimization, reengineered production process and self-directed work teams. Three lean practices, planning and scheduling strategies, safety improvement programs, and total quality management programs have significant positive association with age of plant. This implies that old plants are more likely to implement these practices relative to new plants. The results are consistent with the debate in the literature about "liability of newness" and "liability of obsolescence" (Hannan and Freeman, 1984; Baum, 1989) . No significant relationship was found between plant age and implementation in 14 other instances. These results indicate that although plant age has some impact on the implementation of lean practices, the direction of the effect is not always as predicted.
Size of the Plant
Of the 22 lean practices examined, plant size significantly impacts all but two 
Evaluation of Propositions 1-3
Likelihood ratio chi-square statistic and the individual 2X2 matrix analyses provide unambiguous support for proposition 3 that large size has a significant impact in the implementation of 20 out of 22 lean practices. However, the evidence is not as apparent for proposition 1 (implementation is negatively related to unionization status) and for proposition 2 (implementation is negatively related to age of the plant).
Unionized plants are less likely to implement only six of the twenty-two practices compared to non-unionized plants. Otherwise, unionization has no significant effect on likelihood of implementing any other lean practices. Similarly, proposition 2 suggests that plant age is negatively associated with implementation. We find mixed support for it. Our analyses indicate that five of twenty-two lean practices are less likely to be implemented in older plants. However, three additional practices are found to be significant but not in the predicted direction.
To show that our findings do not result merely from chance, we calculate the probability of obtaining our specific results. For instance, large size has a significant impact on implementation 20 out of 22 times. Thus, we wish to calculate the probability of twenty significant results by calculating the probability of 20 Type I errors, assuming there is no size effect. A general Ho can be stated as:
Ho: Organizational context has no impact on implementation status of a lean practice.
We use a binomial probability distribution and calculate p(x), the probability of "x" (number of) Type I errors for each of the contextual variables. The probability of getting 20 significant results by chance [p(20) Type I errors] is almost zero. Thus, we can say with nearly complete confidence that large size makes a significant impact on implementation status of lean practices. Similarly, six lean practices were more likely to be implemented by non-unionized facilities. The probability of getting six significant results by chance [p(6) Type I errors] is almost 0.00008. Impact of plant age can be evaluated by examining the results of a trinomial distribution. Because five lean practices are more likely to be implemented by newer plants, we look at the probability of obtaining these results by chance. The probability of getting five significant results by chance [p(5) Type I errors] is almost 0.00003 while the probability of obtaining three significant results is 0.006, indicating that one can be slightly more than 99 percent certain that plant age influences implementation of lean practices.
Context, Lean Bundles, and Performance
A hierarchical regression model is used to test the incremental effect of the lean practices on operational performance (Cohen and Cohen, 1975; Boyer et al., 1997) . We use this technique to assess the incremental effects of lean bundles by controlling for the effects of industry, production process type, and organizational context. Operational performance is the dependent variable in each of the regression models. effect on operational performance after industry and context has been considered. We conducted the hierarchical regression analysis using the additive scores for the bundles as well, with almost identical results.
4.2.2 Hierarchical Regression with Operational Performance as the Dependent
Variable. Table 7 shows the results of a hierarchical regression with operational performance as the dependent variable and industry effects, contextual variables, and lean practices entered in the sequential manner described above. Industry effects account for a small but significant amount of variance (adjusted R 2 = 0.024, p < 0.001). This result is in conformance with McGahan and Porter (1997) , who also found that the industry effects accounted for a relatively smaller portion of profit variance in manufacturing.
Contextual variables as a group also account for a significant but small amount of variance (incremental R 2 = 0.006, p < 0.051), and plant age is found to have a significant negative impact on operational performance.
The inclusion of bundles representing lean practices (model 3) results in a change in R 2 of 0.231, which is significant (p < 0.000). Overall, the model explains 27.7 percent of the variance in operational performance, with an associated significance at p < 0.000 as indicated by the p-value of the F test statistic. We also ran a fourth model, not shown, that included all 2-way interactions between all pairs of contextual variables and lean bundles. These interaction terms were not significant. 
Evaluation of Proposition 4
The analysis suggests that proposition 4, that lean bundles are associated with higher performance, is supported. Each of the four bundles is positively associated with operational performance. As a group, they explain about 23 percent of the variation in operational performance even after accounting for the effects of industry and organizational context. The signs of all significant coefficients are positive, as expected.
This provides support for the synergistic effects of implementing practices representing multiple aspects of lean manufacturing.
We also find no effect from unionization on performance after accounting for the effects of industry. This means that being unionized is unrelated to achieving superior values on the cost, time and quality measures that constitute operational performance.
Plant age, on the other hand is negatively associated with operational performance, so that older plants do appear to be at a performance disadvantage.
We find that in model 3 (all variables included), plant size is negatively associated with operational performance. The size coefficient was not significant in model 2 (lean bundles not included). There is no evidence that size is collinear with other regressors. suggest that values below five indicate that multicollinearity problems do not affect the coefficient (Freund and Littell, 1986; Neter, Wasserman, & Kutner, 1990) . VIF for four coefficients, Dummy34, Dummy35, Dummy36, and Dummy37 (fabricated metal, machinery, electronics, and transportation equipment) exceeded the value of five, and VIF for all other coefficients was found to be below five. Thus, the overall regression model allows us to attribute performance effects to individual variables except for the four industry dummies noted above.
The effect of industry
The popular roots of lean manufacturing lie in the Toyota Production System and its many imitators in discrete part manufacturers around the world. However, lean practices clearly exist in every industry at least, in isolated pockets (Womack and Jones, 1996) . The question of the extent of implementation of lean practices across industries has not been explored empirically. The question is salient in this research because it would not be productive to investigate industries where lean practices are not implemented or are only implemented to a limited extent.
We address the issue of extent of implementation of lean practices across industries by selecting two sets of industries, one that is representative of discrete manufacturing and the other that is largely process manufacturing. We then compare mean values of each of the four lean bundles for the two industry groups. Results of the comparison are reported in Table 8 . Table 8 about here
Significant differences between process and discrete industries are found in two of the four bundles. As might be expected, plants in discrete industries are more likely to implement JIT than those in the process industries where kanbans and small production lots are hard to imagine. Interestingly, TPM practices are more likely to be implemented by plants in process industries than in discrete industries. The mean values of TPM bundle between discrete and process industry are almost a perfect mirror image of mean values of JIT bundle. This finding makes sense when one considers the high degree of importance placed on capacity utilization in process industries (Hayes and Wheelwright, 1984) . The remaining two bundles, TQM and HRM, present no significant differences between discrete and process industries.
Our conclusion is that bundles of lean practices are implemented across the industrial landscape. JIT practices are implemented more commonly in discrete industries but are fairly commonly implemented in process industries as well. The opposite relationship exists between TPM and industry type. TQM and HRM are implemented to about the same extent across both discrete and process manufacturing.
These findings suggest that lean practices are prevalent in all industries and that studies of lean manufacturing need not be restricted to industries associated with discrete part manufacturing.
Conclusion
This research suggests two major findings. First, organizational context, i.e., plant size, unionization and plant age, matters with regard to implementation of lean practices, although not all aspects matter to the same extent. Second, applying synergistic bundles of lean practices concurrently appears to make a substantial contribution to operational performance over and above the small but significant effects of context. We discuss each of these findings in turn.
The Importance of Context
Each of the contextual variables under study is associated with a significant lore about their impact on the ability of manufacturers to implement various lean manufacturing practices. The conventional wisdom associated with unionization is that it is encumbering; that progress toward lean production is very difficult in the presence of unionized work force. Our findings do not bear out this contention. In fact, for 16 out of 22 lean practices there was no significant difference in the likelihood of implementation between union and non-union plants. However, the six practices that unionized plants are less likely to implement include "cross-functional workforce," a particularly thorny issue for plants with inflexible work rules imposed by collective bargaining agreements.
Although the findings that we report suggest that having a unionized workforce is generally not a good reason for neglecting lean practices, certain practices are observed less frequently in a union environment.
Similar to the case of unionization, the expectation is that older plants, often employing older workforces, are more resistant to the changes required to implement lean practices. Again, the findings do not fully substantiate this contention. Our findings suggest that older plants are less likely to implement only five practices relative to newer plants. Included in this list are such important elements of a lean production system as cross-functional work force, cycle time reduction, JIT / continuous flow production, maintenance optimization, reengineered production process and self-directed work teams.
However, likelihood of implementation of 14 of the lean practices is unaffected by plant age, and older plants are actually more likely to implement three practices relative to newer plants. Thus, the evidence is mixed. The data indicate that plant age is a more important inhibitor to implementing lean practices than is unionization, but the findings do not provide much cover for managers of older plants seeking a reason why lean practices cannot work in their plant. In fact, for many lean practices plant age is just not a significant factor.
More evidence exists supporting the idea that large plants are more likely to possess the resources to implement lean practices than smaller plants. These findings are consistent with the literature (e.g., White et al., 1999) . Larger plants are more likely than smaller plants to extensively implement all but five of the lean practices under study.
Interestingly, no differences in implementation likelihood were found for either crossfunctional workforce or quality management programs. An explanation may be that both of these practices are extremely important to achieving economies in smaller, high mix, plants and therefore these practices receive high level of attention in smaller plants.
We also find that implementation of lean bundles is ubiquitous across industries with reasonable high level of implementation of each of the lean bundles occurring in both process and discrete part industries. Although plants in discrete parts industries are somewhat more likely to implement JIT and plants in process industries are somewhat more likely to implement TPM, both types of plants implement both practice bundles.
TQM and HRM bundles were about as likely in process or discrete parts plants.
Overall, the evidence presented here suggests that the organizational context significantly affects the likelihood of implementing lean practices. In particular, the influence of plant size appears to be substantial across a wide mix of practices. The influence of unionization and plant age, however, appear to be less pervasive than conventional wisdom suggests.
5.2
Lean bundles and operational performance.
The results suggest that implementation of each of the bundles of lean practices under study contribute substantially to the operating performance of plants. Proponents of lean production frequently point out that lean practices should be considered together as a system and that benefits accrue from all of the practices (e.g., Womack and Jones, 1996) . Taking this point of view, consider the impact of all four bundles under study.
These bundles explain about 23 percent of the variation in operational performance after controlling for the effects of industry and accounting for the effects of plant size, plant age, and unionization. It is also notable that both size and age exert a negative influence on performance when lean bundles are considered. Unionization, on the other hand, has no such negative influence.
Each of the individual lean practice bundles also contributes to performance (p < .0001). This means that a separate and identifiable incremental effect can be attributed to the four major lean practices areas that we have termed lean bundles.
A contribution of this research is that we identify four specific practice bundles from the literature, we validate the bundles empirically by extracting orthogonal factors consistent with the literature and we show that all four bundles are significantly related to performance.
Although the finding that each of the bundles contributes to performance may seem intuitive, such a result has not been reported previously in the literature. In fact, Flynn et al. (1995) report that JIT and common infrastructural practices have a positive effect on performance but that TQM has no significant effect. On the other hand, McKone et al., (2001) find that JIT, TQM and TPM all contribute to their weighted performance index.
These findings provide unambiguous evidence that the synergistic effects of all lean practices are associated with better manufacturing performance. The implication for managers of plants that are not implementing lean practices is also fairly clear. To not implement lean bundles is likely to put plants at a performance disadvantage compared to plants that do implement, regardless of size, age or level of unionization of the plant in question.
Limitations and Future Research
This research is carried out using secondary data made available by Penton
Publishing. Although the data present a great opportunity, they also present some limitations. In particular, the low response rate allows the representativeness of the sample to be called into question despite the large sample size. There are also issues with self-reported performance data and possible single respondent bias. Despite these limitations, the data provide a rich picture of the manufacturing practices across many companies.
Based on the findings reported above, future research related to lean manufacturing clearly should control for the effects of size and industry. The positive findings with respect to the impact of context on the implementation of lean practices
suggest that other environmental measures should also be considered in future research.
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